Background and Purpose: Our aim in this study was to compare headache-free and spontaneous migraine measurements of blood flow velocity and the pulsatility index in the anterior cerebral artery, middle cerebral artery, and posterior cerebral artery.
R
egional cerebral blood flow (rCBF) studies in patients during migraine with aura have shown hypoperfusion outlasting the aura, usually up to 6 hours, 1 -2 sometimes followed by hyperperfusion. 2 -4 Cerebral blood flow changes have not been described in cases of migraine without aura, 1 -5 except for some instances of hyperperfusion. 6 -8 Recently, transcranial Doppler ultrasonography (TCD), a noninvasive technique used to assess the dynamics of the intracranial circulation in various physiological and pathological conditions, 9 has been used to study migraine. The CO 2 reactivity of the cerebral arteries 10 and the blood flow velocity during the migraine-free phase 11 have been measured and the flow velocity values estimated during both attack and headache-free periods. 12 The present study compares blood flow velocities using TCD in the headache-free period and within the first 6 hours of the attack in cases of migraine with and without aura.
Materials and Methods
We observed thirty-one patients, nine males and 22 females with a mean±SD age of 35.2±7.4 years, recruited from the Outpatients Service for Headache of the Department of Neurological Sciences of the Uni-versity of Rome "La Sapienza", between 1987 and 1989. Inclusion criteria were: 1) a diagnosis of migraine with aura or migraine without aura according to the Headache Classification of the International Headache Society 13 ; 2) a normal neurological examination, duplex scan of the extracranial arteries, and brain computed tomography; and 3) the absence of other pathologies (in particular, cardiovascular diseases and hypertension). The clinical profile of the patients is shown in Table 1 . All migraine prophylactic therapies were withdrawn for at least 1 month before the TCD studies. Furthermore, patients were not treated for the acute attack studied by TCD.
A control group of 20 healthy volunteers (10 males and 10 females, mean±SD age 33.7±5.4 years) with no personal or familial history of headache were recruited from among the hospital employees in 1989. These control subjects underwent TCD twice, with an interval of 21 days between the two exams.
Transcranial Doppler examination was performed in the headache-free period (at least % hours after the last migraine attack) and within 6 hours of the onset of the migraine attack with a TC2-64 B EME (Uberlingen, FRG) with a 2-MHz probe and a spectral analyzer. Patients were studied supine following at least 10 minutes' rest with eyes closed. The anterior cerebral artery (ACA), middle cerebral artery (MCA), and posterior cerebral artery (PCA) were insonated through the temporal window, and systolic velocity, diastolic velocity, and mean velocity (time-mean velocity) were measured. The best signal was sought for each artery, and the probe position was recorded at the first exam. Gosling's pulsatility index was calculated according to the following formula: (SV-DV)/MV, where SV, DV, and MV stand for systolic velocity, diastolic velocity and mean velocity, respectively.
14 The above parameters were studied on the headache (symptomatic) and the contralateral (asymptomatic) sides. Blood pressure and heart rate were also recorded at the beginning of each TCD exam.
Values of systolic velocity, diastolic velocity, mean velocity, and pulsatility index were analyzed separately, using parametric factorial analysis of variance (ANOVA), with migraine (without aura, with aura) as between-subject factor at two levels and status (basal condition, migTaine attack), side (symptomatic, asymptomatic), and artery (ACA, MCA, PCA) as withinsubject factors at two, two, and three levels, respectively. 15 Moreover, separate ANOVAs were applied to the two migraine groups, including only the within-subject factors in the linear model. Normality of parameter distributions and homoscedasticity were previously verified, and Greenhouse-Geisser correction was applied to control for the sphericity assumption violation, when present. When a significance (p^0.05) was found with ANOVA the data were analyzed by means of the Student's t test for paired samples, with Bonferroni's correction, comparing levels of parameters during basal condition and migraine attack, within each side x artery combination 16 ; values of /?<0.05 were considered as significant.
Data from control subjects were analyzed using ANOVA, with status (first exam, second exam), side (right, left), and artery (ACA, MCA, PCA) as withinsubject factors at two, two, and three levels, respectively. These data were also used to assess reproducibility with the intraclass correlation coefficient. 15 The control group was compared with the migraine groups.
No direct comparison could be performed because of the differences in the meaning of status and side factors in the different groups. In healthy subjects, the four values (right/left side x first/second exam) were not statistically different. Therefore, one of the four values within each subject was randomly selected, and this data set was separately compared with asymptomatic and symptomatic basal values in migraine patients by applying the ANOVA with one between-subject factor at three levels (control, migraine without aura, migraine with aura).
Results
No significant effect of status (first, second exam), or interaction between status, side, and artery was found in the 20 control subjects. Table 2 shows the means and standard deviations of TCD parameters in controls. The migraine patients showed systolic velocity, diastolic velocity, and mean velocity values within the normal range during the headache-free and the migraine periods. There were no significant differences in heart rate (74±9-74±8 beats per minute) and blood pressure (118±9/80±7-119±9/78±5 mm Hg) between the headache-free and migraine periods.
When comparing the control group with the migraine groups during the migraine-free period, no significant differences in basal values were found among the three groups.
In the migraine-with-aura patients, TCD was performed at a mean of 2.2 (range 1-5) hours from onset of aura. The mean time between headache onset and TCD was 1.7 (range 0.5-4.5) hours in migraine-with-aura patients and 3.4 (range 2-6) hours in migraine-withoutaura patients, with a time-interval significantly shorter in the migraine-with-aura group (p<0.01, Student's t test). The effect of time on the differences between headache-free and migraine period values was never significant. In fact, none of the correlation coefficients, computed between time from attack to TCD and the difference between the TCD measurements at the attack and the intercritical phase, was significantly different from zero. These coefficients ranged from 0.0016 to 0.2953 (median 0.0657) in the migraine-without-aura group and from 0.0032 to 0.5669 (median 0.2379) in the migraine-with-aura group. When comparing the two migraine groups, ANOVA yielded a significant interaction status x migraine with regard to diastolic velocity (p=0.002), mean velocity (p=0.0018), and pulsatility index (p=0.006), and an almost significant interaction status x migraine with regard to systolic velocity (p=0.068). This was due to the difference in parameter variations between the migraine and migraine-free periods in the two migraine groups (generalized increase in the velocities and decrease in pulsatility index during the attack in the migraine-without-aura group and generalized decrease in the velocities and increase in pulsatility index during the attack in the migraine-withaura group).
Results of the ANOVAs separately performed on the four measures in the two migraine groups are reported below.
Migraine With Aura
None of the patients underwent examination during an aura. Significant differences were observed in migraine with aura between the headache-free and the headache phase in all the arteries on both sides (diastolic velocity p=0.05 and pulsatility index /?=0.05 by ANOVA), with a more significant reduction in the MCA diastolic velocity on the symptomatic side (p<0.01) by Student's t test (Figure 1 ). An almostsignificant interaction statusxside (p=0.07) could be attributed to the more marked tendency of diastolic velocity to decrease in all the arteries of the symptomatic side. The ANOVA showed a significant interaction status x side x artery in systolic velocity and mean velocity (p<0.02 and /?<0.04, respectively) also, and Student's t test showed the most significant reduction in systolic velocity (p=0.05) and mean velocity (p=0.05) of the MCA on the symptomatic side. Table 3 reports mean values and standard deviations of TCD parameters in the migraine-with-aura group.
Migraine Without Aura
The data recorded during attacks of migraine without aura compared with the headache-free period showed a generalized increase in diastolic velocity (p<0.02) and a generalized decrease in pulsatility index (p=0.05) for each artery on both sides, as well as a tendency to increase in mean velocity (p=0.06 by ANOVA). Student's t test for paired samples revealed that the most significant increases in diastolic velocity (p<0.05) and decreases in pulsatility index (p<0.01) occurred in the MCA of the symptomatic side (Figures 1 and 2) . Table  4 reports mean values and standard deviations of TCD parameters in the migraine without aura group.
Discussion
Control subjects failed to show any significant modification for status, side, and artery between their two TCD exams (ANOVA). Differences in TCD parameters were found, however, in both the migraine-with-aura and migraine-without-aura groups, in the absence of variations in blood pressure and heart rate. The above changes were observed in diastolic velocity and pulsatility index of all arteries on both sides but in opposite directions. In fact, in the migraine-with-aura group there was a decrease in diastolic velocity (/?=0.05) and an increase in pulsatility index (p=0.05), whereas in the 
FIGURE 1. Bar graph showing middle cerebral artery diastolic velocity values in patients with migraine without aura and migraine with aura from the asymptomatic (A.S.) and symptomatic (S.S.) sides and in control subjects from the right and the left sides. Lines on top of the bars represent 1 SD. Transcranial Doppler ultrasonography (TCD) was performed in migraine patients during attack-free periods (basal) and during migraine attacks (attack). In control subjects, two TCD exams (1 and 2) were performed with an interval of 21 days between them.
migraine-without-aura group there was an increase in diastolic velocity (/?<0.02) and a decrease in pulsatility index (p=0.05). This divergent trend is seen in the interaction statusxmigraine: a statistically significant interaction was found for diastolic velocity (p=0.QO2), mean velocity (p = 0.006), and pulsatility index (/?=0.018). The fact that both diastolic velocity and pulsatility index are sensitive to changes in the resistance vessels deserves consideration. A decrease in diastolic velocity and an increase in pulsatility index are observed with resistance-artery constriction, whereas an increase in diastolic velocity and a decrease in pulsatility index are found with dilatation of the same arteries. 1718 Our results concerning the differences between headache-free and migraine periods (diastolic velocity decrease/pulsatility index increase in migraine with aura and diastolic velocity increase/pulsatility index decrease in migraine without aura) led us to consider the possibility that in the first 6 hours of a migraine attack, the resistance vessels constrict in migraine with aura and dilate in migraine without aura. The phenomenon is most pronounced in the MCA of the symptomatic side in both migraine types. This observation should not be interpreted in the same way for artery (MCA) and side. The predominance of modifications in the MCA can be attributed to the fact that the detection of this artery is easier and reproducibility (r=0.79 for mean velocity) is better than in ACA (r=0.67) and PCA (r=0.54), as we found in the control population. On the contrary, the predominance of changes in the symptomatic side seems to be more significant because it derives from the comparison of the two homologous territories; moreover, in migraine with aura the interaction status x side showed a more marked, though not significant, modification of TCD parameters on the symptomatic side.
There have been very few previous reports of TCD in migraine patients, and only some of these describe the comparison between the headache-free and migraine phases. Thie et al 19 describe a prolonged, diffuse vasospasm of the basal cerebral arteries in three migraine patients (one without and two with neurological focal symptoms). However, the differences in type of patient and timing of examinations are too great between our study and his for useful comparison. In a subsequent study, Thie et al examined five migraine-with-aura and 13 migraine-without-aura patients in headache-free periods and during migraine attacks. 12 They report a divergent trend in flow velocities between the two headache groups during the attack when compared with the headache-free period (mean velocity increase and pulsatility index decrease in migraine with aura and mean velocity decrease and pulsatility index increase in migraine without aura). He attributes these results to caliber modifications MCA, middle cerebral artery; ACA, anterior cerebral artery; PCA, posterior cerebral artery; Basal, attack-free period; Attack, migraine attack.
•p<0.05, t/><0.01 by Student's t test.
of the large arteries. These data, which support our findings of different flow velocity modifications in migraine with and without aura, disagree with our results for the type of changes. In our opinion, this discordance may be due to the fact that patients were studied up to 24 hours after the onset of the attack as opposed to our study interval of 1-6 hours, and that Thie et al 12 considered only the mean velocity (which is less sensitive to dilatation and constriction of the resistance vessels than is diastolic velocity) and did not consider symptomatic and asymptomatic side separately.
Our data seem more concordant with CBF studies, which are also more numerous in the literature. In fact, CBF studies describe a hypoperfusion in the early phase of migraine with aura episodes outlasting the aura period, 12 which is consistent with our observations. Interestingly, hypoperfusion in the symptomatic hemisphere, as we described, has been observed. 20 Hyperperfusion has also been observed in this migraine type when the study was performed in the late phase of the attack (after 6 hours). 23 However, this observation may not be applicable to our patients, who were studied earlier in their migraine.
Most of the CBF studies have revealed no changes between the headache-free and headache phases in migraine-without-aura patients.
1>s However, hyperperfusion has been reported within 48 hours of the migraine attack 6 and, subsequently, also within 10 hours of the onset of the attack. 78 These observations seem to agree with our data, although the study interval is longer in these CBF studies.
In conclusion, diastolic velocity and pulsatility index changes, reflecting variations in the resistance arteries, suggest that conditions during migraine-with-aura attacks are different from those during migraine-withoutaura attacks. This could be attributed to an intrinsic difference between the two headaches or may be part of the same phenomenon (i.e., vasoconstriction followed by vasodilatation), which may differ in timing (we emphasize that the time interval between headache onset and TCD exam is shorter in the migraine-withaura group) and intensity.
